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INTRODUCTION
Red clover is one of the most widespread species of Trifolium genus in the world. Although red clover has a Mediterranean origin, it is a cosmopolitan species adapted to many edaphic -climatic conditions (TAYLOR and SMITH 1979) . Due to its adaptability to the soil of a lower level of acidity in comparison with alfalfa and higher altitude survival, red clover is, besides grasses, a leading forage crop grown in a moderate climate zone (LEE et al., 2004) . The yield potential of red clover is excellent and some red clover varieties can have higher fodder yield than alfalfa (DROBNA and JANČOVIČ, 2006) .
As stated by TAYLOR and QUESENBERRY (1996) , creation and breeding of improved varieties, at the global level resulted in decrease of a number of local types and some wild forms, what in its turn led to big erosion of genetic divergence, as opposed to huge variability existing in red clover germplasm. With a lack of wild flora material, a possibility of any kind of improvement or increase of the existing varieties collection is greatly reduced. Since the territory of Serbia is geographically very diverse with lots of regions of the country very weakly used for the purpose of agricultural production, but with well preserved habitats-genetic material of wild clover populations is still very varied. Research into this material forwards choice of material with desirable traits, what is the beginning of a process of breeding (BOLLER et al., 2010) .
In order to become at least partially familiar with traits of the examined populations and a degree of the gathered material variability, different research surveys are conducted out of which morphological and chemical analyses are the most frequent ones and they represent the basis for the procedure of selection. Morphological characterization was the first step and continue to be the most important tool in description and classification of genetic resources (RAKONJAC et al., 2014) . Both groups of methods are a part of the complex of agronomic traits and their aim is to find the population which will give high yield or which could be exploited for long period under particular agroecological conditions. Various sets of cultivars or populations of red clover were analyzed by using morphological traits (BULINSKA-RADOMSKA, 2000; GREEN et al., 2004) . They all pointed out to the large genetic diversity among and within populations.
Aims of this paper are: 1. to analyze variability of red clover collection gathered on the territory of Serbia, based on morphological and chemical methods; 2. to perform grouping of populations in clusters in accordance with their traits in order to describe structure of the collection; 3. a long-term aim is, if desirable traits are discovered in the existing material, to use it in the process of breeding, that is for getting synthetic varieties.
MATERIALS AND METHODS
The examined material is a part of the collection of seeds of the Institute for forage crops, Kruševac. The gathered material is kept at +4°C in a cold chamber. 17 populations from the existing collection, originating from four regions of Serbia, are included in the analysis.
The field experiment was performed on the experimental field of the Institute for forage crops, Kruševac (altitude 149m, 43°35' 0" N, 21°19' 36" E). The area where the institute is located has characteristics of temperate continental climate, with the average annual temperature of 10.9°C and the average precipitation of 540-820mm. The experiment was started at the beginning of October 2008 on the soil of degraded alluvial type with the following characteristics: pH 6.57 in KCl, organic matter content was 2.52%, available P content was 6.60 ppm and available K content was 24.05 ppm. In order to break dormancy of the seeds, their scarification was carried out; the seed was then germinated in plastic trays. When plants reached the stadium of 3-4 permanent leaves, they were moved to the nursery, with 60x60 spacing among individual plants. Plants were harvested in the period of the first cat for two years (2009/10).
Morphological traits which were observed are: green mass yield per plant, dry matter, height of the plant (length of the main stem) -only Height in tables and figures, number of stems per plant (SN), number of lateral branches (NB) (performed on three stems), number of internodes -performed on three stems (NI), length (LL) and width (LW) of the middle lamina of the third leaf viewed from the top of the stem.
Plants were harvested in the period of the first cat during the second and the third year of the research (2009/2010 ). An average sample of 1 kg of green mass was taken from each population and then dried at 60°C for 48 hours. In this way the dry matter per kilogram of weight of green mass was obtained. Then, basic parametres of forage quality -content of crude proteins, crude fibre, ash, fat and NFE were determined for each population by Weende system of analysis. Crude protein was computed indirectly from the amount of total nitrogen, measured by the Kjeldahl method modified by Bremner, multiplied by factor 6.25. Crude fiber was determined by sequently refluxed in dilute base followed by dilute acid. Crude fat was determined by method of Soxlet. The amount of nitrogen free extract in samples was determined as a difference between 1000 and amounts of crude ash, crude protein, crude fiber and crude fat. Chemical features were obtained by analysis of material from the second year of the research.
For each morphological feature (except dry matter), one-way analysis of variance (ANOVA) was used to examine differences in mean values among populations. When critical differences were noted, multiple comparisons were carried out based on LSD test for unequal sample sizes. Differences were considered significant at p<0.01. The dendrograms of populations based on morphological and chemical data were constructed using the Euclidean distance and complete linkage clustering method. Principal component analysis (PCA) was applied to search for a general pattern in the measured variables. All statistical analyses were performed using the program STATISTICA 10 (STATSOFT, Inc., Tulsa, OK, USA).
RESULTS AND DISCUSSION

Analysis of morphological traits
Analyses of variance revealed highly significant differences between populations for all analyzed morphological traits.
Results of mean values, coefficient of variance (CV%) and LSD test at p<0.01 for each analyzed population are presented in Table 2 . We can notice, by observing the results, that there are statistically significant differences between the analyzed populations, and traits which have the largest influence on separation are: plant height, green mass of plant, number of stems, number of lateral branches and number of internodes.
The most variable trait is green mass of plants with CV values ranging from 22% for TA089 population to 81% for RO100 population, what is in line with results obtained by Asci (2011) , who, by following a large number of morphological traits on the sample of 47 populations, also noticed mass as the most variable trait. Mean values per population range from 142g to 755g. Population RO100 has the lowest green mass value and ES077 the highest (Table  2) . CV%  41  55  38  47  44  42  58  43  23  28  39  81  49  29  41  22  44   Mean  272  255  334  253  146  394  324  374  755  610  257  142  243  339  285  288  244   Populations  CS108  CS118  CS146  CS152  CS172  ES042  ES043  ES047  ES077  ES086  RO089  RO100  RO116  RO123  TA055  TA089  TA097 TAYLOR and QUESENBERRY (1996) , stem lengths at maturity may vary up to 80cm. In this group of populations, the height ranges from 48cm (RO100) to 82.7cm (ES077) where we can single out one group from East Serbia with very high values: ES086 -80.5cm, ES077 -82.7cm, ES042 -79.5cm and ES047 -79.1cm. The coefficient of variance for this trait in populations from East Serbia show low to moderate variations (7.4-15.6%) what reflects stability of the trait in this material. Uniform material with higher mean values and lower CV is more suitable for inter population selection.
Since the length of a stem has a positive correlation with mass of a plant as a component of yield, selection is performed with the aim to lengthen plants. One of the most famous and the most successful examples of increase of a stem length was performed in the 80-ies with Kenstar variety, where the length was increased for even 20cm (BOWLEY et al., 1984) , from 53 to 73cm.
Number of stems is also one of the significant components of yield. Populations with the highest values are: RO123 -41.7 (CV-33%), ES086 -41.3 (CV-37%), ES077 -41(CV-23%). On the other hand, population RO100 has the lowest mean value of the number of stems -17.5cm, but with a very high value of CV -83.4%. Such a high coefficient of variance indicates diversity of material of initial population, which is suitable for improvement of genetic pool and hybridization of genotypes. The obtained results can be considered as very good because majority of them are within the limits of ROSSO and PAGANO (2005) in their study of 39 samples of red clover.
In relation to the number of lateral branches populations are rather uniform, with CV inside populations from 11% -27%. Number of internodes is a trait which is highly correlated with mass and height, so that population ES077 which has the highest values of mass and height has the largest number of internodes -6.07. Populations with high values of number of internodes also are: CS146 -5, ES042 -5, ES043 -5.07, ES043 -5, ES086 -5.33. LUGIĆ, (1999), while examining varieties K-17 and REINCHERSBERGE, got similar values for the number of internodes in relation to the already mentioned traits. In relation to the values ASCI (2011) got on a large sample of 47 wild populations, all the populations of this collection have higher values of length of a leaf, whereas majority has bigger width of a leaf.
In order to made groups of clusters of similar populations, cluster analysis was applied. Cluster analysis, based on six morphological traits, plus a derived one (dry matter), enabled forming of 3 clusters (Fig. 1) . Grouping of populations into clusters based on data obtained by observing morphological traits was also applied in surveys by: DIAS et al. (2007) , GREEN et al. (2004) , VYMYSLICKY et al. (2012) .
We can notice three clusters on the dendrogram. Populations ES077 and ES086 belong to cluster A, populations CS146, RO089, RO116, ES042, ES043, ES047, TA055, TA089 to cluster B, whereas populations CS108, CS172, RO100, TA097, CS118, RO123,CS152, CS035 belong to cluster C.
In order to explain the reasons for grouping like this, principal component analysis (PCA) was applied. PCA graph is shown by the first and the second axis, where the first one enables high degree of separation of 58%, and the second axis separation of 30% (88% in total).
Clusters on the dendrogram and on the PCA graph are marked by the same letters, except from cluster C which is divided in two groups. We can notice from Graph 2 that members of cluster A are grouped first of all for their high values of plant height and green mass, and then for the number of stems and also the number of lateral branches. Table 3 shows mean values of all traits for members of the corresponding cluster. It can also be seen from these data ( Table 3 ) that values of traits which mostly influence singling out of cluster A are the highest. Furthermore, it can be concluded, by parallel observation of Graph 2 and Table 3 , which led up to formation of other clusters. Cluster B groups populations with increased values of height of a plant, length and width of a leaf. The average height of plants from this cluster is 73.3cm, what is a slightly better value than the one that ASCI (2011) got -for about 13%, while working on collection of 47 wild populations and then LUGIĆ et al. (2009) while working on three wild populations (they got the values lower for 29%); LETO et al. (2004) -conducted the survey on six varieties and the obtained values were lower for about 19%. Populations of cluster C can be grouped in two groups -C1 and C2. Subcluster C2 (CS108, CS172, RO100, TA097) includes populations with the lowest values of majority of the surveyed parameters. Populations from subcluster C1 also have low values for majority of the surveyed parameters, but what can be noticed about them is a relatively high value for the number of stems (Table 4 ). There are mostly populations from the altitude of about 1000 m and above within cluster C2, so that it can be concluded that these populations can have difficulties in acclimatization to conditions in plains and that they cannot express or even do not have bigger productive potential. Other two clusters (A and B) mostly consist of populations from lower terrains, so that moving them to field conditions on the altitude of about 150m did not represent such a big shock for them. There are two populations from Crni Vrh in cluster A, and it can be assumed that a slightly bigger quantity of precipitation on this mountain (especially during the winter) in relation to the surrounding area has the influence on good values of majority of the surveyed parameters. There is a possibility in the future that this area is a good source of genetic material of red clover, what should be examined in some of the following research surveys. Analysis of chemical data Red clover is certainly legume which besides alfalfa represents the most significant element of animal feed. It has such a significant position first of all because of high content of protein and good digestibility. One of the main aims in the process of breeding of red clover is quantity of proteins increase (VASILJEVIĆ et al., 1999) and in order to make selection of new varieties, existence of variability in initial material is necessary. Content of crude protein of Serbian varieties ranges from 18-20%, and content of crude fiber was 21-23% (ĐUKIĆ et al., 2010) . As stated by ZUK-GOLASZEWSKA et al., (2010) content of proteins for varieties of red clover can range even to 21% in dry matter, and percentage of fiber between 18 and 26% of dry matter. Populations which are separated for high content of protein in the range of the already mentioned varieties are: ES042 -19.54%, ES043 -19.09%, ES047 -18.89%, TA055 -18.04%, TA089 -18.66%. Two populations are characterized by low level of fiber: ES042 -26.86%, ES043 -24.95%, whereas there are populations which have it in very large quantities: ES086 -38.49%, RO123 -38.15%. Quantities of ash range from 7.03% for population ES086 to 10.55% CS172, whereas the values TOMIĆ et al., (2005) got range about 7.5% for the surveyed varieties. Values of fat of about 3.97% on the average are also mentioned in the same paper, what is considerably above the values obtained in this paper. Table 5 shows average values of dry matter per population and average dry matter per plant. Since the yield of dry matter is one of the most significant traits of commercially applicable varieties, it is also important to observe it in a population. As stated by TOMIĆ et al. (2005) , it is important to study genetic potential of dry matter production because this trait cannot be influenced much in the process of selection and every finding which would make any progress in this direction is important.
ES
By cluster analysis of forage quality features, we got a dendrogram (Fig. 3) In order to explain this arrangement of populations, method of principal component analysis was applied (PCA), where the significance of the surveyed traits for cluster formation was emphasized. The results are presented by the first and the second axis (Fig. 4) . The first axis represents 45% of variability, the second 30%; in total 75%.
On Graph 4, we can notice that populations which belong to cluster A have the increased level of fiber. The mean value for fiber in this cluster is 36.9% (Table 6) CONCLUSION By surveying 17 populations of red clover, we came to the conclusion that there is high variability within the surveyed material. Cluster analysis and a method of principal component analysis enabled grouping of populations according to their features. Separation based on morphological traits led to formation of four clusters; the same number of clusters was formed also by analysis of forage quality traits. It was proved that the gathered material contains populations which are possible to be included in the process of breeding (ES042, ES047, ES077), in order to achieve the main aims in forage production -increase of yield as well as the increase of quantity of crude proteins.
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